Background: the types of visual impairment followings stroke are wide ranging and encompass low vision, eye movement and visual field abnormalities, and visual perceptual difficuilties. Objective: the purpose of this paper is to present a 1-year data set and identify the types of visual impairment occurring following stroke and their prevalence. Methods: a multi-centre prospective observation study was undertaken in 14 acute trust hospitals. Stroke survivors with a suspected visual difficulty were recruited. Standardised screening/referral and investigation forms were employed to document data on visual impairment specifically assessment of visual acuity, ocular pathology, eye alignment and movement, visual perception (including inattention) and visual field defects. Results: three hundred and twenty-three patients were recruited with a mean age of 69 years [standard deviation (SD) 15]. Sixty-eight per cent had eye alignment/movement impairment, 49% had visual field impairment, 26.5% had low vision and 20.5% had perceptual difficulties. Conclusions: of patients referred with a suspected visual difficulty, only 8% had normal vision status confirmed on examination. Ninety-two per cent had visual impairment of some form confirmed which is considerably higher than previous publications and probably relates to the prospective, standardised investigation offered by specialist orthoptists. However, under-ascertainment of visual problems cannot be ruled out.
Introduction
Every year, an estimated 110,000 people in the UK have a stroke [1] . The visual sequelae of stroke are many [2] [3] [4] [5] [6] [7] [8] [9] .
Low vision can relate to associated vascular pathology or to other co-existent ocular abnormalities [10] . Visual field loss commonly will involve a homonymous hemianopia or quadrantanopia [3, 4, 7, 12] . Ocular motility disorders can be divided into cortical deficits of eye movements and brain stem defects. Visual perception difficulties are wide ranging [13] . The most commonly recognised is visual inattention/neglect [8, 9] .
Visual problems such as complete hemianopia or large strabismus can be spotted easily. Subtle disorders such as impaired fast eye movements and gaze defects can be difficult to identify without correct evaluation of the visual system. A significant proportion of patients in stroke units have unrecognised visual problems resulting in little or no advice or management [2, 14] . The eye-care team can address many of these issues directly along with timely feedback of such information to other health professionals involved in the care of these patients [11] .
The impact of visual impairment can be wide ranging. The impact on functional performance can include general mobility, ability to judge distances due to diplopia or impaired stereo vision, reading impairment due to cortical or ocular dysfunction and visual hallucinations. Impact to quality of life includes changes to independent living, ability to drive, loss of confidence and links to depression [16] [17] [18] [19] [20] .
Although it is recognised that many patients will suffer visual disability as a result of stroke, data are lacking as to the prevalence of disability, extent and recovery. There are little data with respect to strabismus and ocular motility disorders following stroke [3] [4] [5] 21] .
In May 2006, a prospective multi-centre trial commenced in the UK. The primary aim is to evaluate the effect of stroke on vision: specifically ocular perception, alignment and movement, how these impact on quality of life and the information that is required from visual assessment for the multidisciplinary team. The purpose of this paper is to highlight the extent of visual impairment occurring within this stroke population.
Methods and materials
The design is a prospective multi-centre observational case cohort trial with ethical approval. The vision in stroke (VIS) group consists of local investigators responsible for assessing stroke patients and collecting patient data. The data are collated centrally at the University of Liverpool. The study is being undertaken in accordance with the Tenets of Helsinki.
The target population was stroke patients suspected of having a visual difficulty. Referrals could be made from inpatient wards, rehabilitation units, community services or outpatient clinics. Patients were given an information sheet and recruited after informed, written consent. The patients were excluded if they were unable to consent, unwilling to consent, if their diagnosis was that of transient ischaemic attack or if they were discharged without vision assessment.
Patients with a suspected visual difficulty are identified using a screening form. Subsequently this is used as the referral form to the orthoptic service. A standardised investigation sheet is used for the eye assessment consisting of identification of known pre-existent ocular pathology, symptoms and signs, investigation of visual field, ocular motility and perceptual aspects. Visual fields are assessed by confrontation if the patient is seen on the ward or rehabilitation unit. When seen in clinic, quantitative measures of visual field are undertaken by Humphrey automated perimeter and Goldmann manual perimeter. Complete homonymous hemianopia was defined as loss of visual field to one side from central fixation and the vertical meridian of the field outwards. Partial homonymous hemianopia was defined as loss of visual field to one side that was incomplete with some residual vision on the affected side near the vertical meridian of the field.
Assessment of ocular alignment and motility consists of cover test, evaluation of saccadic, smooth pursuit and vergence eye movements, retinal correspondence (Bagolini glasses), fusional vergence (20D or fusional range), stereopsis (Frisby near test), prism cover test and lid and pupil function.
Perceptual deficits are recorded after questioning of the patient and/or carers and relatives. Inattention is assessed by means of a combination of assessments including line bisection, Albert's test, cancellation tests, memory tests using verbal description and drawing.
Visual acuity was assessed at near and distance fixation with Snellen or logMAR acuity tests. Low visual acuity was considered in two categories. The first defined low visual acuity as less than best corrected 6/12 Snellens acuity or 0.3 logMAR in accordance with UK driving standards [22] . The second defined low visual acuity as <6/18 Snellens acuity or 0.5 logMAR and equal to or better than 3/60 Snellens acuity as per World Health Organisation (WHO) guidelines [23] . Additionally, WHO define low vision as a corresponding visual field loss to <20 degrees in the best corrected eye. WHO define blindness as a visual acuity of <3/60 Snellens acuity or a corresponding visual field loss to <10 degrees in the best corrected eye.
Stroke details are recorded from patient notes accounting for stroke laterality, type and area involved. Ocular treatment details are recorded along with outcome.
Results were inputted to the statistical package SPSS version 15.
Results
Data are presented from a 1-year data set: 1 May 2006 to 30 April 2007. Five hundred and one patients were referred for visual assessment. One hundred and seventy-eight patients were excluded (49% male, 51% female: Table 1 ). Patients were not excluded because of the type or severity of stroke. An attempt was made to establish the visual status of these patients. Twenty-seven per cent had a visual field defect documented, 20% had ocular motility disturbance, 4% had low vision and 2% had perceptual difficulties including inattention. Fifteen per cent had combinations of visual field, ocular motility, low vision and perceptual deficits. Three hundred and twenty-three patients were recruited (59% male, 41% female). The mean age at the onset of stroke was 69 years (1-92: SD 15 years). The median duration from the onset of stroke to initial eye examination was 22 days (0-2543 days), the mean of 70 days being skewed by three outliers (patients referred a number of years after the stroke onset). One patient had a recurrent stroke, hence their referral for new eye assessment. The other two patients were simply not referred for eye assessment when they first had their stroke. They did not have recurrent strokes and were finally referred as outpatients.
Strokes were cortical in 88.6% and brain stem or cerebellar areas in 11.4%. The lesion was right sided in 48%, left sided in 40% and bilateral in 12%. Infarcts accounted for 79.5%, the remainder being haemorrhagic. Cortical areas included frontal, parietal, temporal and occipital lobes, external and internal capsule, intraventricular and periventricular areas, thalamus, basal ganglia and lacunar areas. Patients who had a cortical stroke had mostly visual field loss or ocular motility abnormalities. Patients who had lesions in brain stem or cerebellar areas were most likely to demonstrate ocular motility abnormalities than any other type of ocular deficit.
Eight per cent of patients were found to have normal visual status when examined. For the remaining 92%, the visual deficits documented in this study were grouped into 1. Low vision 2. Eye movement deficit 3. Visual field impairment 4. Perceptual deficit.
Low vision
Low visual acuity of <6/12 or 0.3 best corrected acuity was documented in 26.5% of patients at near vision and 25% at distance vision. Low visual acuity of <6/18 or 0.5 best corrected acuity was documented in 13% of patients at both near and distance vision. Seventy-two per cent required spectacles to obtain best corrected visual acuity. Ocular pathology was noted in 34.7% of patients including cataract, agerelated macular degeneration, diabetic retinopathy, glaucoma, myopic degeneration, amblyopia, retinal dystrophy, optic nerve disease and anoxia. Of patients with low vision of <6/12, 31% had low vision attributable to associated ocular pathology and not as a result of their stroke.
Eye movement deficit
A total of 68.4% of patients had an alignment or ocular motility defect confirmed on examination (Figure 1 ). Twentytwo per cent had manifest strabismus in primary gaze. Twelve per cent of patients had nystagmus. Reduced convergence at <10 cm was recorded in 32.7% of patients. Symptoms included diplopia, oscillopsia or reading difficulty. The type of ocular motility defect was evaluated according to the stroke site ( Table 2 ). The site of lesion was cortical in 83%. Seventeen per cent had lesions of the cerebellum or brain stem.
Visual field impairment
Almost half of patients (49.5%) had visual field impairment with complete homonymous hemianopia in 29.4%. Other types of visual field impairment included partial homonymous hemianopia, inferior or superior quadrantanopia, scotomas, altitudinal defects, macular sparing hemianopia and chequerboard defects. Visual field loss was right sided in 19.8%, left sided in 27.2% and bilateral in 2.5%.
The site of stroke was cortical in 94% (Table 2 ). Six per cent had lesions of the cerebellum or brain stem.
Perceptual deficit
A total of 20.5% of patients reported or had documented perceptual deficits ( Table 2 ). The largest group were patients with left-sided visual inattention/neglect (14%). A small number of patients had visual hallucinations (2.5%) and object agnosia (2.2%). Three patients had a difficulty with depth judgement and one patient had acquired colour detection difficulties.
Discussion
This study is not an epidemiology study. We have looked prospectively at the prevalence of visual impairment in stroke survivors referred specifically for a vision assessment where there is an obvious visual deficit or symptom or where health care staff suspect there may be a visual deficit based on patient responses/behaviour. This constitutes a limitation for this study. There is a further population of patients who are not referred because a visual impairment is not suspected. It is unknown how many of these have undetected visual impairment and this warrants further research.
We found 92% of patients to have documented visual impairment. Previous reported retrospective case reviews have reported visual impairment in 62-71% [3] . Our prevalence estimates are higher and probably relate to the prospective design of this trial and the use of standardised investigation forms administered by specialist orthoptists. We classed visual impairment as low vision, eye movement deficits, visual field impairment and perceptual difficulties. A total of 54.8% had a combination of two or more visual impairments.
Low vision accounted for 26.5% of visual impairment which is similar to a previous study on low vision in stroke [10] . This could be attributed to co-existent ocular diseases in approximately one-third of cases. Of the remaining cases, it is possible that some patients may have had pre-existent low vision without co-existent ocular disease but it was not possible to establish whether this was the case in the absence of past visual acuity measures. It is likely, however, that many Figure 1 . Ocular motility abnormalities. 36.5% of patients had normal ocular motility on evaluation. The largest individual category of impairment was saccadic dysmetria (26%); an inability to make accurate fast eye movement. Impaired and reduced gaze holding (5%), Saccadic palsy (3%), Gaze palsy (3%), Smooth pursuit palsy (2.5%), VI nerve palsy (2%), III nerve palsy (1%), INO (1%). 1/2% involved for each category of Parinaud's dorsal midbrain syndrome, Reduced depression, Weber's syndrome, one and half syndrome and IV nerve palsy. Of patients with multiple ocular motility impairments (16%), 12% had saccadic dysmetria in association with other motility deficits and 11% had gaze impairments in association with other motility deficits. III Third nerve palsy; IV Fourth nerve palsy; VI Sixth nerve palsy; 1 and 1/2 One and a half syndrome; INO Internuclear ophthalmoplegia; SP palsy Smooth pursuit palsy. of these remaining cases had the recent onset of poor vision as this was often a new symptom for them. It is important that low vision is identified in older patients. In many cases it is treatable. Importantly, undiagnosed or untreated low vision is a risk factor for falls and is also linked with depression and reduced activity of daily living performance [15, 16, 24, 25] . Low vision can also impact on the rehabilitation of stroke [15] .
Eye movement and alignment deficits accounted for 68.4% of visual impairment compared to reported figures of up to 52% [3, 5, 21, 26] . Nystagmus and manifest strabismus were documented and patients were aware of oscillopsia and diplopia. Impaired convergence which contributed to a reading difficulty was found in 33%. However, it was often other factors that led to reading difficulties such as problems tracking, inattention and visual field defects.
It is important to recognise that improvement can be noted with ocular motility treatment [6, 27] . Our patients were treated according to their symptoms. Those with diplopia were given Fresnel prisms to join the double images and where prisms were ineffective, occlusion-either total or sector-was prescribed. Exercises were advocated for convergence weakness, and compensatory head postures were advised to aid gaze disorders. Additionally, advice was given in relation to scanning and tracking strategies and typoscopes to aid reading.
Visual field loss was reported as occurring in 20-57% [3, 4, 7, 12, 28] and was documented in 49% of our patients of which 2.8% had visual field impairment due to a previous stroke or pre-existent ocular pathology. Complete homonymous hemianopia was common and typically associated with lesions in the occipital and parietal lobe areas. There were many other types including quadrantanopia, chequerboard defects, macular sparing hemianopia and spared temporal crescent defects. Patients displayed varying adaptation to their visual field loss. Advice was provided on field awareness, head movements and scanning strategies. 5.2% had adaptation treatment with Peli prisms [29] which involve applying sector Fresnel prisms on the upper and lower sections of one spectacle lens. This has the effect of displacing images from the 'blind' visual field across into the seeing side. Patients may then make scanning head and eye movements to the blind side to view objects of interest on that side. Treatment for visual field loss is not commonplace, and although advocates promote increased speed of adaptation, there is little objective alteration to the loss [29] [30] [31] [32] . However, the increased speed of adaptation may benefit general rehabilitation and further research is required in this area. Visual field loss is associated with a higher risk of falls, and thus, it is important to diagnose visual field impairment for this group of already compromised patients [25] .
Visual inattention/neglect constitutes the most commonly recognised perceptual difficulty for vision after stroke. Fourteen per cent of our patients were found to have neglect. Eight per cent of these patients had an associated visual field defect. A small percentage (6.5%) of patients were diagnosed with agnosia, visual hallucinations and depth perception difficulties, amongst others. There is a variable prevalence of neglect reported in the literature ranging from 8 to 82% of right hemispheric stroke [8, 9] and many patients show recovery [2, 33] . Our treatment largely consisted of advice on scanning strategies, use of compensatory head postures and general awareness. We did not use treatment with prisms or occlusion for these patients although there is a small literature on such management options [34] [35] [36] [37] . In terms of visual hallucinations and perceptual deficits such as agnosia, alexia, depth interpretation and colour vision disturbance, we feel that these problems are underestimated as detection is largely reliant on clear questioning by health care staff or self-reporting by patients. Patients may not wish to report the presence of hallucinations for fear of their mental state being questioned. We found that recognition of the entity was a considerable relief to the patient.
Summary
Ninety-two per cent of those referred with a suspected visual difficulty were indeed diagnosed with a visual impairment. Thus, stroke patients with visual deficits do require visual evaluation. Visual impairment comprised 68% with eye movement deficits, 49% with visual field impairment, 26% with low vision and 20% with perceptual difficultieseither as a sole impairment or in combination. This is a considerable number but the prevalence of visual impairment in the overall stroke population remains uncertain. All patients were offered specific treatment options or targeted advice. Although patients may not regain normal visual status following a stroke, it is important that they receive full eye assessments to ascertain the full extent of their impairment and offer targeted treatment or advice as appropriate. It is also important that the outcome of eye assessment is relayed to the wider team of health care professionals. Vision is required for many general rehabilitation techniques and being accurately informed of visual impairment will target alternative therapy options for stroke patients to enhance outcome. Orthoptists can also have an important positive effect on patients concerns, explaining why they are experiencing vision problems. Some fear further deterioration is inevitable leading to blindness and they can be reassured that this is not the case.
Key points
r Ninety-two per cent of stroke survivors with a suspected visual difficulty have visual impairment. r Visual impairment impacts on activities of daily living performance. r Targeted treatment or advice can be offered.
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